Background: Toxoplasma gondii is an obligate intracellular protozoan parasite which has significant medical and veterinary impact on all around the world. Tracking of specific antigens or antibodies for toxoplasmosis is the main choice in its diagnosis. Recombinant proteins will improve sensitivity and specificity and reduce problems of standardization and reproducibility of diagnostic kits. Toxoplasma gondii Subtilisin-like protein (TgSUB1) is a novel example of a glycosylphosphatidylinositol) GPI (-anchored protein which can be considered as a potential marker for serodiagnosis of toxoplasmosis.
Background
Toxoplasma gondii (T. gondii) is an obligate intracellular protozoan parasite which causes toxoplasmosis in a wide range of hosts and results in high morbidity and mortality [1] . In human, Toxoplasmosis causes serious health problems for immunocompromised patients and in the fetus of the pregnant women primarily infected during pregnancy [2] . In animals, the disease makes economic losses by embryonic death and resorption, fetal death and mummification, abortion, stillbirth, and neonatal death. The parasite is mainly transmitted by food or water contaminated by sporulated oocysts in the faeces of infected felids as definitive hosts; by consumption of raw or undercooked meat containing the bradyzoite in tissue cysts and by transplacental transmission [3] [4] [5] .
Most available commercial kits use native antigens prepared from tachyzoites grown in mice and/or cell culture of T. gondii. Increasing number of research on T. gondii recombinant antigens with publications showing their potential diagnostic value, might be introduce them as candidates versus the non-standardized whole-cell lysate of T. gondii antigens. Upgrading these tests with recombinant proteins will improve their sensitivity and specificity which will have major advantages for the diagnosis of toxoplasmosis and this will reduce the problems of antigen standardization and assay reproducibility which is a major problem of diagnostic laboratories worldwide [6] . The surface antigens SAG1 (p30) [7] [8] [9] [10] [11] , SAG2 (P22) [7, 9, 10] ; the dense granule antigens GRA1 (P24) [12] [13] [14] [15] , GRA2 (P28) [16, 17] , GRA6 (P32) [14, 18, 19] and GRA7 (P29) [9, 10, 15, 20, 21 ] the rhoptry antigens ROP1 (P66) [17, 22, 23] ; the microneme antigens MAG1 [24, 25] and MIC1 [24, 26] bodies in humans and animals. Toxoplasma gondii Subtilisin-like protein 1 (TgSUB1) have been suggested to play an important role in survival of parasite. It is placed in the microneme organelle and is responsible in adhesion to the host during invasion. Tg-SUB1 is cotranslationally processed and undergoes additional proteolytic maturation after discharge from the micronemes and transport on the surface of parasites [27] . A glycosylphosphatidylinositol (GPI) anchor at the C terminal of the TgSUB1 protein allows its expression on the cell surface and probably mediates the attachment of the parasite to the host cell. TgSUB1 is first synthesized as a proprotein of 120 kDa and mature protein equivalent to 90 kDa. Upon stimulation of microneme secretion, secondary processing takes place that cleaves TgSUB1 to 82-and 70-kDa and 44-kDa forms [28] .
Objectives
Taking into account the different post translation modification of this protein which may be, and their crucial role in parasite adhesion, we planned to identify major antigenic parts of this whole protein to be able to choose the most antigenic one and develop a recombinant plasmid using this part of antigen.
Methods

Parasite
BALB/c mice were infected intraperitoneally by 1 × 10 3 tachyzoites of T. gondii RH strain maintained in our animal facility laboratory of Ahvaz Jundishapur University of Medical Sciences. Ahvaz, Iran. After three to four days post infection peritoneal cavities of the animals were washed with 5 mL of cooled and sterile phosphate-buffered saline (PBS) containing streptomycin and penicillin and collected exudate was centrifuged at 50 xg for 5 minutes to remove host cells. Then supernatant was washed and centrifuged twice at 1000 xg for 10 minutes, and the tachyzoites were collected [3] and pelleted tachyzoites immediately dissolved in RLT buffer containing 2-ME (Qiagen, Germany) and kept at -80°C until RNA extraction.
Bioinformatics Analysis
Toxoplasma gondii subtilisin-like protein (TgSUB1) mRNA, complete cds (NCBI GenBank accession no. AY043483.1) was analyzed using bioinformatics softwares Parker Hydrophilicity Prediction and also Bepipred linear epitope prediction to select best highly antigenic region of this protein. According to this analysis, forward primer (5'-CTGACAACTCACGCAGAAGGTC-3') and reverse primer (5'-TTACACGGTCAGTCCAACAAC-3') have been designed by the program Primer3 and analyzed by the BLAST program of the National Center of Biotechnology Information (NCBI).
RNA Extraction and cDNA Synthesis
Total RNA was extracted by RNeasy Mini Kit (Qiagen, Germany) and RNA purity reflected by the 260/280 nm absorbance ratio and the concentration determined using a Nanodrop 1000 Spectrophotometer (Thermo Fisher scientific., USA). cDNA synthesis was done using RevertAid HMinus first-strand cDNA synthesis kit (Thermo Fisher Scientific., USA). Reverse transcription reaction was carried out in 20 µL volume containing 0.5 µg RNA, Oligo (dT) 18 primes, and the buffer and enzyme components according to the manufacturer's instructions.
Polymerase Chain Reaction (PCR)
The reaction of PCR consisted of 5 µL 10 X PCR buffer, 1.5 µL MgCl 2 (50 mM), 1 µL dNTPs mix (10 mM), 0.75 µL (7.5 pmoles) of each primer, 0.75 µL (7.5 unites) Super-Taq DNA polymerase (Genefanavan, Iran), 39 µL distilled water and 0.75 µL of template cDNA (total reaction volume 50 µL). PCR amplification was performed as follows: 1 cycle of 94°C for 2 minutes, 35 cycles of 94°C for 1 minute, 57ºC for 1 minute, and 72°C for 90 seconds and followed by a final extension at 72°C for 10 minutes. To verify the result, 5 µL of PCR product was electrophoresed in a 1% agarose gel, stained with safe stain. PCR product was purified using PCR purification kit (Qiagen, Germany). DNA purity and concentration were determined using the Nanodrop spectrophotometer.
T/A Cloning
Ligation
The TgSUB1 PCR product was cloned into pCR®2.1 vector via T/A cloning® Kit (Invitrogen, USA) according to the manufacturer's instructions. Ligation reaction was performed with 1: 3 vector to insert molar ratio and contained, 1 µL of PCR product, 2 µL 5X T4 DNA ligase reaction buffer, 2 µL pCR®2.1 vector (25 ng/µL), 4 µL nuclease free distilled water and 1 µL ExpressLinkTM T4 DNA Ligase (5 units) (Final volume 10 µL). After gentle mix and a brief centrifuge, the ligation reaction was incubated at room temperature for 15 minutes.
Transformation
For transformation recA, endAE. coli strain TOP10 (Invitrogen, USA) competent cells were prepared via CaCl 2 method [29] . The 2 µL of the ligation reaction was added to 100 µL of competent cells in 1.5 mL vial. The vial was placed cubator with 250 rpm for 1 hour at 37°C. 20 and 100 µL of transformation reaction were spread on LB agar plates containing 40 mg/mL X-gal for blue-white screening and 100 mg/mL Ampicillin. The plates were incubated overnight at 37°C and then were transferred to 4°C for 2 -3 hours to allow for proper color development.
Analysis of Recombinant Colonies and Plasmids
Colony PCR Analysis
At least 10 white colonies (contained recombinant PCR2.1/SUB1 plasmids) and blue colonies (without recombinant plasmids) were picked and cultured on new LB + Amp agar plates for analysis by PCR and also plasmid isolation in order to restriction analysis and sequencing. Colonies on new plates were removed and boiled at 95°C for 5 minutes in 50 µL sterile water and centrifuged. 10 µL of supernatants were used as template for PCR reaction. PCR amplifications were done by forward and reverse specific TgSUB1 primers.
Plasmid Isolation
Plasmids were extracted using GF-1 plasmid DNA extraction kit (Vivantis, Malaysia) according to the manufacturer's instructions. Then 5 µL of the extracted plasmids were analyzed by electrophoresis on 0.8% agarose gel stained with safe stain and size of products estimated with 1kb DNA ladder. In order to restriction enzyme analysis the concentrations were determined using the Nanodrop spectrophotometer.
Restriction Enzyme Analysis
Plasmids were digested with a single BamHI restriction enzyme (recognition site is at upstream of MCS) and also double digested with BamHI and NotI (recognition site is at downstream of MCS) restriction enzymes that their sequences place in upstream and downstream vector sequence in 20 µL volume contains: 1 µg of plasmid, 2 µL of RE 10X Buffer D, 0.2 µL Acetylated BSA (10 µg/µL), sterile, deionized water and 1 µL of each restriction enzyme (10 u/µL) (Promega, USA). The mixtures were incubated overnight at the optimum temperature 37°C. Digested products were visualized on 0.8% agarose gel stained by safe stain and fragments size measured by using 1 kb molecular weight marker.
Sequencing
The recombinant pCR2.1/SUB1 plasmids were sequenced directionally by standard protocol with ABI 3730XL DNA Analyzer, (applied Biosystems, CA) using universal M13 reverse and forward primers in pCR®2.1 vector. The results were analyzed and compared to database using the BLAST program (NCBI).
Subcloning
Insert and Vector Preparation
The gene fragment was sub-cloned into His-tagged fusion vector pET28a expression plasmid (Novagen, Germany). In order to sub-clone both plasmids digested by BamHI and NotI restriction enzymes in 50 µL volume reaction: 3 µg of plasmid, 4 µL of RE 10X Buffer D, 0.4 µL Acetylated BSA (10 µg/µL), sterile, deionized water and 1 µL of each restriction enzyme (10 u/µL) (Promega, USA). The mixtures were incubated overnight at the optimum temperature 37°C then the enzymes inactivated by heating at 65°C for 15 minutes. DNA fragments were recovered from 0.8% agarose gel slice using QIAquick gel Extraction Kit (Qiagen, Germany) for further manipulations.
Ligation and Transformation
In order to ligate the digested vector PET28a with appropriate insert, a 1: 5 molar ratio vector/insert was used with T4 DNA ligase and incubate at room temperature for 30 minutes, then transformed into E. coli strain TOP 10 (Invitrogen, USA) competent cells as described for T/A cloning. Transformation reaction was dispensed on LB agar plates containing 50 mg/mL Kanamycin.
Analysis of pET Recombinants
The recombinant pE28a expression vector containing TgSUB1 gene (pET28a/SUB1) was confirmed by colony PCR using TgSUB1 forward and reverse primers, Restriction analysis by BamHI and NotI restriction enzymes and sequencing using universal T7 terminator primers.
Results
Total RNA of RH strain of Toxoplasma gondii was extracted and converted to cDNA for use as template in PCR amplification of TgSUB1 gene. Bioinformatics tools permit us to predict the hydrophilic sites which were overlapped with most antigenic part of coding frame for TgSUB1 gene. Parker Hydrophilicity prediction and Bepipred linear epitope prediction analysis showed highly hydrophilic sites and highest antigenicity in C-terminal domain of the antigen. Bioinformatics analyses (Figures 1 and 2) , showed a highly antigenic region in C-terminal domain of the antigen including amino acid residues 549 to 795 in cds (nucleotide sequence of 1735 to 2478). After PCR amplification, a 744 bp-fragment corresponding to the expected product of TgSUB1 cDNA has shown in gel electrophoresis ( Figure 3A) . Then, the purified PCR product was ligated into PCR®2.1 vector and pCR2.1/TgSUB1 recombinant plasmids were transformed into competent E. coli TOP10 cells. PCR amplifications of white colonies (contained recombinant pCR2.1/SUB1 plasmids) using forward and reverse SUB1 amplified fragments of 744 bp ( Figure 3B ). The appropriate recombinant (pCR2.1/SUB1) and none-recombinant plasmids were compared on 0.8% agar gel electrophoresis ( Figure 3C ). Undigested, digested with BamHI and double digested with BamHI/NotI restriction enzymes recombinant pCR2.1/SUB1 plasmids were showed on 0.8% agarose gel electrophoresis ( Figure 3D ). Sequencing analysis of four recombinant plasmids showed that two of them had hundred-percent homology with RH strain SUB1 sequence ((NCBI GenBank accession no. AY043483.1) and there were not show any mutation in sequence of insert (TgSUB1 PCR product). PCR, restriction enzyme analysis and sequencing results showed that target gene was inserted correctly into the recombinant plasmid and reading frame verified. Both pCR2.1/SUB1 and pET28a expression plasmids were digested using same BamHI and NotI restriction enzymes and insert and vector fragments were recovered from 0.8% agarose gel slice gel extraction kit.
The recovered insert was ligated into linear expression vector and recombinant pET28a/SUB1 transformed into E. coli strain TOP10. The new recombinant plasmids were analyzed and confirmed by PCR, restriction analysis and sequencing (Figure 4 ). 
Discussion
In the present study, a highly antigenic region in the C-terminal domain of the TgSUB1 protein including amino acid residues 549 to 795 was recognized by bioinformatics analysis. Then a 744 bp PCR product was cloned in pCR2.1 vector and subcloned into expression pET28a vector and the recombinant plasmids were successfully transformed into E. coli TOP10 cells. PCR, restriction enzyme and sequencing analysis of the PCR2.1-SUB1 and PET28a-SUB1constructs showed that target gene was inserted correctly into the recombinant plasmids and reading frame verified and also all nucleotide sequences in the PCR product have 100% homology with the published reference sequence.
Toxoplasma gondii has significant medical and veterinary impact all around the world [1] . There are several target genes of T. gondii which have been cloned and expressed into prokaryotic and eukaryotic expression systems. Surface antigens (SAGs), matrix antigens (MAGs), microneme proteins (MICs), rhoptry proteins (ROPs), and dense granule proteins (GRAs) are the most immunodominant and stage-specific antigens of T. gondii tachyzoite and bradyzoite stages [30] . In the present study the 744 bp TgSUB1 PCR product from T. gondii strain RH was cloned into pCR®2.1 vector via T/A Cloning® Kit (Invitrogen, USA) based on T/A cloning method. The 3.9 kb pCR®2.1 cloning vector is supplied in a linear form, ready-to-use for direct ligation of PCR product. This vector allows ampicillin and kanamycin selection, as well as blue/white colony screening. The vector contains several unique restriction endonuclease recognition sites around the cloning site, allowing easy restriction analysis of recombinant plasmids. The pET28 expression vectors encode an N-terminal His-tag/thrombin cleavage site/T7-tag sequence and an optional C-terminal His-Tag sequence. These vectors are used with lambda DE3 lysogen strains of E. coli. In these strains expression of a genomic copy of the T7 RNA polymerase is under control of the lac repressor. The T7 promoter driven system for expression of heterologous proteins in E. coli is one of the most successful systems available because of its ability to stringently control the basal expression levels. Expression of the recombinant protein is induced by the addition of Isopropylb-D-thio-galactoside (IPTG) to the culture medium. Many recombinant antigens of T.gondii have been produced and some of them evaluated in serological test like ELISA and Western blot to identify different kinds of anti-T. gondii IgG, IgM, or IgA antibodies in attempts to produce appropriate diagnostic tools for the diagnosis of T. gondii infection and differentiation between the phases of toxoplasmosis [6] .
Chahed Bel-Ochi et al. synthesized and evaluated a whole sequence of the recombinant T. gondii SAG1 antigen for screening of Toxoplasma IgG antibodies. They amplified PCR product and cloned it into the expression vector plasmid pET22b. They believed that truncated form of the SAG1 recombinant antigen might decrease its immunoreactivity, so whole SAG1 protein of the T. gondii RH strain was selected [8] . However, Velmurugan and colleagues evaluated diagnostic efficiency of truncated T. gondii SAG1 and GRA7 recombinant proteins, either individually or as a cocktail of them in goat sera by ELISA procedure. They used pGEM-T cloning vector and then sub-cloned them into pET-32b and pET-32c expression vectors, respectively and subsequently transformed into BL21 (DE3) pLysS cells. Expression of the histidine-tagged SAG1 and GRA7 fusion proteins yielded to high level of proteins and the recombinant proteins purified using Ni-NTA column [10] . Igarashi et al. cloned and expressed entire ROP2, GRA5 and GRA7 open reading frames of T. gondii RH strain into pET102/D-TOPO® vector which contains thioredoxin and polyhistidine tags at the C and N terminal ends and are expressed in E. coli BL21 (DE3) [20] . Mohabati et al. developed a recombinant ROP1 protein and assessed its antigenicity against human infected sera by Western blot assay. A 1234 bp DNA fragment of ROP1gene from T. gondii RH strain was amplified by PCR cloned into pTZ57R/T vector and used pET-15b for its expression [23] . Eslamirad et al. cloned a 760 bp ROP1 gene from Toxoplasma gondii RH strain into pTZ57R vector and then sub-cloned it in eukaryotic expression vector, pcDNA3 [31] . In another study, Eslamirad et al. cloned an 1183bp ROP1 fragment into pTZ57R/T cloning vector and sub-cloned into pET32a expression plasmid [22] .
Kotresha et al. also developed an IgG assay to identify antibodies against antigens which produced primarily during acute stage of toxoplasmosis using two recomZahedan J Res Med Sci. 2016; 18(8):e7938. 5 binant proteins of T. gondii GRA7 and SAG1 and evaluated diagnostic potential of these proteins. They used several bioinformatics softwares to identify highly antigenic regions of GRA7 and SAG1. They used TOPO cloning vector and then the fragments were subcloned into pProcEX HTa and pProcEX HTb expression vectors respectively [9] . Wang et al. cloned and expressed recombinant proteins GRA1 and GRA7 from T. gondii GT1 strain to use in serodiagnosis of toxoplasmosis in dogs by indirect ELISA. The GRA1 and GRA7 DNA fragments were amplified, and cloned into expression vector pET-28a to construct recombinant plasmids pET28-GRA1 and pET28-GRA7, which were confirmed by restriction enzymes and sequencing, and were transformed into Escherichia coli BL21 (DE3). The immunoreactivity of the expressed proteins was confirmed by Western blot. The recombinant proteins GRA1 and GRA7 were purified using a Ni-NTA purification system, showing the purity of more than 95% [15] . Sadeghiani et al. developed recombinant GRA7 antigen and evaluated antigenicity of purified protein in immunoblot using human sera. They used genomic DNA from tachyzoites of T. gondii, RH strain for DNA extraction and amplified a 670 bp fragment encoding amino acids 18 to 236 by PCR. They utilized pTZ57R/T as cloning vector and pET-28b as expression vector [21] .
Selseleh et al. in two separate study evaluated usefulness of recombinant SAG1 and GRA7 for detection of T. gondii IgM and IgG antibodies against T. gondii in order to serodiagnosis of acute and chronic human toxoplasmosis by ELISA. SAG1 and GRA7 DNA fragments were amplified by PCR from T. gondii (RH Strain), were cloned into the PTZ57R cloning vector and ligation reactions were transformed in E. coli XL1-blue strain competent cells. Transformed cell were placed on agar plate containing X-gal and IPTG for blue/white screening of recombinant and nonrecombinant colonies. Restriction analysis of recombinant plasmids was done by BamH1 and Not1 restriction enzymes. The SAG1 and GRA7 fragments were sub-cloned in the pET-28a expression vector and transformed in E. coli Top10F. The plasmids with the correct inserts were confirmed by restriction analysis, PCR analysis and sequencing method [32, 33] . Subtilisin-like serine proteinases are kinds of MICs which have potential importance in Apicomplexan biology, as inhibitor. Studies have demonstrated that for successful invasion of host cells, serine proteinase activity is necessary [27] . TgSUB1 is a GPI-anchored micronemal protease that is first released onto the surface of parasites during invasion in a calcium-dependent manner and then shed into the media with other micronemal proteins. [34] . SUB1 is also studied in other genus of parasites, like Neospora caninum, It may be assumed that cross-reactions may occur with their closely related parasite T. gondii if such antigens applied in serological diagnosis. Ybanez et al. expressed two fragments of N. caninum containing five NcSUB1 tandem repeat copies coding for amino acids 524 to 843 (NcSUB1t) and 555 to 679 (NcSUB1tr). They demonstrated that NcSUB1 is highly conserved in N. caninum and have only 63% sequence identity to the T. gondii orthologue. Therefore, they demonstrated no cross-react with T. gondii in their ELISA method [35] . Hruzik et al. introduced Cterminal domain of TgSUB1 as a potential marker for serodiagnosis of acute toxoplasmosis. They suggested this recombinant protein can be used with other recombinant antigens such as SAG1 for diagnosis of infection [34] .
Bioinformatics tools were the basic and major points in this study. By this way, the most antigenic parts of the whole protein are identified. Cloning and expression is more convenient than when a whole protein with high molecular weight. Purification and also folding of a 20 -30 kDa recombinant protein is more practical than a 100 kDa or more molecular weight protein. We analyzed antigenic regions of T gondii SUB1 by Parker Hydrophilicity prediction and also Bepipred Linear Epitope prediction programs to select best highly region of this protein. Selected region showed high Hydrophilicity at first program suggested that it contains surface epitopes. Beside, diagram of the second program demonstrated that this region has high antigenicity. These results are in agreement with studies showed a GPI anchor at the C terminal of the Tg-SUB1 which allow its expression on cell surface and probability mediates attachment of T. gondii to host cell. The sequencing results of pCR2.1/SUB1 recombinant plasmids showed 100% homology of TgSUB1 PCR product with Tg-SUB1 sequence of NCBI GenBank accession no. AY043483.1 .Analysis of pET28a/SUB1 and pCR®2.1/SUB1 recombinant plasmids were showed their sequences are in-frame and there is not any mutation or deletion in the cloned fragment. We tried to develop truncated recombinant TgSUB1 antigen based on highly antigenic regions in C-terminal domain of TgSUB1 mRNA.
Gene cloning and expression in pET28a plasmid in E. coli cell as a prokaryotic system is an efficient method and also inexpensive which give large amounts of recombinant protein to do studies like antigenicity evaluations for development of vaccines and diagnostic kits. Further experiments are in development for expression and purification of this protein.
